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Cold  rooa  itudloa  of  froit  aotion  in  soils  sro  being  perforasd 
by  tbs  Frost  Bffeots  Lsbarstory«  Corps  of  EnginoorSf  lev  England 
Division  for  the  Airfields  Branoh^  Offioe,  Chief  of  Engineers,  as 
part  of  a  oontinuing  prograa  of  frost  inrestl  gat  ions  aiaed  tovard 
establishing  and  improving  design  and  evaluation  oriterla  for  roads, 
hlghvays  and  airfield  runvaya  oonatruoted  on  soils  vhioh  are  subjeot 
to  seasonal  freezing  and  thaving.  The  present  laboratory  atudiea  are 
being  made  chiefly  to  determine  the  quantitative  effeots  of  individual 
factors  iddoh  influence  loe  segregation  in  solla,  such  as  gradation, 
per  oent  finer  than  0.02  mm.,  per  oent  rook  content,  permeability, 
oapillarlty,  proximity  of  water  suj^ly,  densily,  and  the  initial 
degree  of  saturation  in  a  closed  system. 

Data  from  studies  oompleted  up  to  1^  June  19^  are  presented  in 
this  interim  report.  Although  full  analysis  has  not  been  atteaqpted 
pending  availability  of  data  and  effeots  of  all  factors,  the  data 
Indioated  that  the  per  oent  finer  than  0.02  aa.  sise  is  not  by  itself 

I 

an  adequate  indicator  and  that  other  factors  must  be  oozuidered,  in 
recognising  a  frost  susoeptible  soil  or  in  predicting  the  intensity 
of  ioe  segregation  in  a  given  soil. 


PART  I  -  INroODUCTION 


1-01.  Authorization.  Laboratory  studies  of  front  action  in 
soils  were  authorized  and  funds  allocated  by  teletype  dated  22 
Novenber  19l9,  File  ENGIC  2327,  from  the  Chief  of  Engineers,  Depart¬ 
ment  of  the  Amy.  Instructions  for  the  investigation  were  given  in 
Part  III  of  Instructions  and  Outline  for  Frost  Investigations  -  Cold 
Room  Studies  (Fiscal  Year  1950)  dated  September  19 U9  and  Addendum 
No.  1  thereto,  dated  February  1950. 

1-02.  Background  and  Purpose.  The  increase  in  the  wei^ts  of 
military  and  commercial  aircraft  during  the  last  decade  has  intensi¬ 
fied  problems  encountered  in  the  desigi  of  runway  pavements,  parti¬ 
cularly  in  the  northern  latitudes  where  seasonal  freezing  and  thawing 
of  the  ground  takes  place.  Hie  formation  of  ice  lenses  in  frost 
susceptible  soils  may  result  in  non-uniform  heaving  of  the  pavements 
and/or  loss  of  pavement  supporting  capacity  during  the  frost  melting 
period,  and  costly  maintenance  or  repair  measures  mav  be  required. 
Interruptions  to  traffic  as  a  result  of  frost  action  must  be  avoided. 

To  develop  pavement  design  and  evaluation  criteria  for 
such  frost  conditions  the  Frost  Effects  Laboratory  was  established 
in  the  New  England  Division,  in  19l4U|  by  authority  of  the  Chief  of 
Engineers,  Department  of  the  Army.  Since  its  inception,  the  Frost 
Effects  Laboratory  has  conducted  field  Investigations,  including 
traffic  tests,  at  various  airfields  in  the  northern  part  of  the  United 
States  to  observe  and  study  the  effects  of  frost  action.  As  a  result 
of  these  studies,  extensive  field  data  have  been  compiled  from  a 
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nuiift>er  of  sit**,  co^rering  many  natiurally  varying  oonditiona  of  aoil, 
temparature,  and  moliture.  Theae  data  have  bean  aaaemblad  by  tha 
Proat  Sffaota  Laboratory  in  two  publlahad  reporta  entitled  "Report 
on  Proat  Invaatigation*  19l4U**19U^*  dated  April  19U7*  "Addendum 
No.  1,  19143*1947*  Baport  on  Frost  Inveatigation,  19144*194^*  dated 
October  1949*  field  studies  have  shown  a  need  for  oomprehenaive 

laboratory  linrestigationa«  under  oontrolled  ocnditions,  to  study  the 
effect  of  each  of  the  several  variables  on  frost  action  in  soils. 

To  meet  this  need*  the  Chief  of  Engineers  in  June  1949 
authorised  the  oonstruotion  of  a  oold  room  at  the  Prost  Effeots 
Laboratory*.  The  room  was  oompleted  and  placed  in  operation  in 
January  1930*  Studies  idiioh  are  being  oonduoted  with  its  specially- 
designed  faoilities  will  give  a  clearer  understanding  of  frost  notion 
in  soils,  and  will  result  in  the  development  of  improved  oriteria  for 
the  design  and  evaluation  of  pavements.  These  oriteria  will  be  use¬ 
ful  in  oonstruotion  not  only  of  airfield  runways,  taziways  and  aprons, 
but  also  of  roads  and  highways. 

With  the  available  facilities,  base  course  and  subgrade 
soils  whose  frost  susoeptibili'ty  is  in  question  may  be  tested  in  the 
oold  room  prior  to  oonstruotion  to  determine  their  behavior  under 
f reefing  conditions.  The  more  precise  determination  of  degree  of 
frost  susoeptibilily  thereby  laade  possible  will  permit  closer  and, 
therefore,  more  eoonomioal  design.  Borderline  soils  availabls  in 
the  subgrades  or  in  the  proximity  of  oonstruotion  sites  which,  under 

*In  teletype  dated  I7  June  1949*  file  ENOMC  2339. 
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pref«nt  criteria,  would  be  rejected  or  would  require  expeneire  treat- 
sent  aay  in  aeny  cases  be  proven  non-frost-susoeptible  and  satls- 
faotoxy  for  use  after  being  subjected  to  the  laboratory  tests* 

1-03 •  Overall  Program  of  Cold  Room  Tests.  The  cold  room  and 
its  equipsent  have  been  designed  to  enable  studies  to  be  aade  under 
controlled  conditions  of  all  frost  phenosena  ooourriog  in  soils 
which  are  reasonably  adaptable  to  Inrestigation  by  laboratory 
■ethods*  The  presently  planned  program  includes  tests  to  determine 
the  foil  owing  I 

a.  Frost  susceptibility  or  non -frost  susoeptibllity  of 
base  and  subgrade  soils  from  various  airfields  in 
northern  United  States* 

b.  Effect  of  density  on  ioe  segregation  in  frost 
susceptible  soils* 

0*  Effect  of  initial  degree  of  saturation  on  ioe 

segregation  in  a  frost-susoeptible  soil  in  a  closed 
system,  i*e.  a  system  in  which  no  water  is  made 
available  to  the  bottom  of  the  sample* 

d.  Effect  of  surcharge  or  overburden  pressure  a  ioe 
segregation  in  frost  susceptible  soils* 

e*  Effect  of  particle  sise  distributiA  a  ioe  segre¬ 
gation  in  soils* 

f*  Effect  of  freezing  axid  thawing  on  density  and  strength 
of  soi  Is  * 

g.  Effect  of  soil  properties  suoh  as  void  ratio,  perme¬ 


ability  Ad  capillarity  on  ioe  segregatiA* 
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h*  Effect  of  proxlml'ty  of  eeter  table  on  ioe  eegregation 
in  froat-iueoeptible  eolle. 

!•  Lois  in  strength  as  neasured  hy  direct  shear  and  tri- 
axial  oompression  tests,  and  by  CBR  aethods,  in  frost- 
susceptible  soils. 

J.  Deteraination  of  tiise  required  for  aealcened  soils  to 
return  to  normal  strength  after  thawing. 

k.  Effect  of  atteixtures  in  prewenting  or  retarding  the 
formation  of  ioe  lenses  in  frost-susoeptible  soils. 

l.  Effect  of  the  oheaioal  nature  of  the  soil  minerals 
and  of  the  dissolTed  salts  in  the  pore  water  on  frost 
aotion. 

1-OU.  Scope  of  Studies  P>»esented  in  This  Report.  Laboratory 
studies  in  the  cold  room  were  begun  in  February  19^0  and  are  planned 
to  continue  through  the  fiscal  year  19^1*  This  report  presents  only 
the  data  and  results  arailable  from  the  60  soil  samples  which  were 
tested  up  to  1^  June  1930.  oorering  the  following  partially  oompleted 
phases  of  the  general  prograa.  on  idiioh  testa  are  still  in  progress i 

a.  Testa  to  determine  the  minimum  per  cent,  by  weight, 
of  soil  partioles  smaller  than  0.02  mm.  neoessary, 
to  cause  ioe  segregation  in  any  giren  soil  gradation. 

b.  Tests  to  determine  the  effect  of  soil  densi'ty  on  ioe 
segregation. 

0.  Tests  to  determine  the  effect  of  amount  and  site  of 
grarel  in  rarious  soils  on  the  per  cent  0.02  mm. 
sise  required  to  cause  ioe  segregation. 
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(!•  Tests  on  the  effect  of  the  initial  degree  of  seture- 
tion  on  ioe  segregation  when  tested  in  a  closed  eysten. 

1-03  •  Definitions. 

FROST  HEAVE.  Frost  heave  is  the  raising  of  the  pareaent 
surface  due  to  the  aoouaulation  of  ioe 
lenses.  The  amount  of  heave  in  most  a  oils 
is  approximately  equal  to  the  ousailatlve 
thiolmess  of  ice  lenses. 

FROST •4USCEPTIBIE  SOIL.  Previous  information  has  indi¬ 
cated  that  most  soils  containing  more  than 
3  per  oent  of  grains  finer  by  weight  than 
0.02  am.  are  susceptible  to  frost  action. 
However,  it  has  also  been  found  that  soiae 
uniform  sandy  soils  may  have  as  high  as  10 
per  oent  of  grains  finer  than  0.02  m.  by 
weight,  before  becoming  frost-susoeptible. 

FROST  ACTION.  Frost  action  is  the  aooumulation  of  water 
in  the  fora  of  ioe  lenses  under  natural 
freesing  oonditions. 

ICE  I£N3ES.  Ice  lenses  are  the  ioe  foraations  in  stra¬ 
tified  frosen  soil  occurring  in  repeated 
layers  essentially  parallel  to  each  other 
and  normal  to  the  direotion  of  heat  loss. 

DEGREE  OF  SATURATION.  The  ratio,  expressed  as  a  per¬ 
centage.  of  the  volume  of  water  in  a  given 
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■  oil  mail  to  the  total  Toluaa  of  inter¬ 


granular  apaoe.  Par  oent  saturation  is 
■ynonynoua  with  degree  of  saturation  in 
this  report. 

ORCDND  WLTER  TAB1£.  The  ground  nater  table  is  the  free 

water  surfaoe  nearest  to  Ihe  ground  surfaoe. 

DENSITY.  Density  is  the  unit  dry  weight  in  pounds 

per  oubio  foot. 

CAFIIIARITT.  Capillarity  is  that  property  whioh  enables 
a  soil  to  draw  and  hold  water  abore  the 
elsTation  at  iriiioh  atsiospherio  pressure 
exists  in  the  water. 

OVERBURDEN  PRESSURE.  Orerburden  pressure  is  the  force 

exerted  at  any  gixen  point  in  a  soil  by  the 
weight  of  the  orer lying  material. 

CLOSED  SYSTQI.  A  closed  system  in  this  report  is  de¬ 
fined  as  a  test  condition  where  no  free 
water  is  made  arailable  from  outside  the 
specimen  during  the  frees ing  process. 

01^  SYSTEU.  An  open  system  in  this  report  is  defined 
as  a  test  condition  where  free  water  is 
made  axa liable  from  outside  the  speoimen 
during  the  f reeling  process. 


PART  II  -  DISCRIPTIOW  OF  COLD  ROOM  AHD  EgDIHiTOT 


2-01*  Cold  Rooa.  The  oold  rooa  !•  a  walk-in  typo  rafrlserator* 
approxiaat* ly  9  wida  toy  20  foot  loi^  aad  6*9  foot  high  in  inaido 
diaoniiona.  It  ii  inaulatod  on  all  aidoa  with  aiz  inehaa  of  ainoral 
wool.  It  ia  oonatruotod  of  22  aaparato  panala  whioh  ara  tooltad  to- 
gathar.  anatoling  raaaonatoly  aaay  diaaantling  aad  proriding  flazitoility 
for  anlargaaant  lAian  and  if  naoaaaary.  Tha  panala  ara  faood  on  tooth 
aidaa  with  RO-gauga  gal  rani  aad  ahaat  aatal.  A  out-away  rimw  of  tha 
oold  room  ia  ahown  on  Plata  1. 

A  l^H.P.  watar-ooolad  ompraaaor  looatad  outaida  tha 
oold  rooB  wall  fUmiahaa  tha  Fraon  gaa  rafrigarant  to  two  unit  oool- 
ara  nountad  at  tha  raar  of  tha  oold  rooai.  Taaparatura  ia  eontrollad 
with  a  llinnaapolia-Honaywall  toiaatallio  maroury  bulto  thamoatat, 
within  liaita  of  plua  or  ainua  2  dagroaa  Fahranhoit.  Tha  oold  rooa 
haa  toaan  daaignad  to  operata  toatwaan  plua  10  and  plua  Lp  dagraaa 
Fahranhait. 

2-02.  Taat  Cabinata.  Mina  indiwidual  taat  oatoinata  inaulatad 
on  the  top  and  aidaa  with  aiz  inohaa  of  ahaat  oork  ara  looatad  in 
tha  oold  roan.  Rafrigarant  ia  prowidad  aaparataly  to  aaoh  by  1/^- 
H,P.  air-ooolad  unita,  ahown  in  Fig.  1  of  Plata  2.  Tha  taat  oatoi¬ 
nata  haza  toaan  daaignad  to  oparata  at  tanparaturaa  ranging  frcai  tha 
oold  roow  tanperatura  to  ainua  20  dagraaa  Fahranhait.  Taaparatura 
in  aaoh  oatolnat  ia  ocntrollad  toy  a  Da  Khotinaky  toiaatallio  halioal 
typa  tharaoragulator  with  an  aoouraoy  of  plua  or  ainua  l/2  dagraa 
Fahranhait.  Bxtarior  Tlawa  of  tha  taat  oatoinata  ara  ahown  in  Fig. 

2  of  Plata  2  and  on  Plato  J. 
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Tht  bottom  of  tho  teat  oebinets  oonsiit  of  open  grill 
work  (Fig.  It  Plate  li)  to  allow  the  cold  room  temperature  to  be 
applied  to  the  bottoam  of  the  aoil  apeoimne  being  teated*  while  the 
tope  of  the  aamplea  are  being  aubjeoted  to  the  oabinet  temperatures. 
During  freeaing  teata*  oabinat  temperaturea  are  gradually  lowered 
in  amall  daily  daeramanta  to  produce  a  rate  of  froat  penetration  into 
the  aamplea  aimulating  natural  field  oonditiona.  Samplea  are  placed 
orer  poroua  diaoa  in  individual  reoeptaolea  to  which  water  oan  be 
aupplied  if  naoeaaary.  Theae  reoeptaolea  reat  on  a  galvanised  aheet 
matal  plate  placed  over  the  grill  work  (Fig.  2  of  Plate  U)*  The 
apaoe  between  aamplea  ia  inaulated  with  granulated  oork  aa  ahowm  in 
Fig.  1  of  Plate  Cooling  inaide  the  teat  oabinet  ia  aooompliafaed 
by  paaaing  tha  refrigerant  through  a  ingle  emboaaed  ooila  inside  a 
lU-inoh  wide  sino-ooated  oopper  refrigerating  plate  fitted  to  three 
sides  of  the  oabinet,  beginning  13  inohea  from  the  bottom  and  oon- 
tinuing  to  the  top. 

The  oabineta  have  an  inside  dimansim  of  19  inches  by 
19  inohea  and  oan  aoooomodate  soil  speoimens  up  to  12  inohea  high. 

A  typioal  prepared  6-inoh  high  specimen  is  shom  in  Fig.  2  of  Plate 
3*  All  oabineta  are  equipped  with  hinged  oorers  on  top,  facilitating 
aooeaa  to  oabinet  for  observations  and  neoessary  measurements  with 
insignificant  diaturbanoe  to  the  oabinet  temperature.  Usually,  four 
speoimens  either  ii.18  or  3*91  inches  in  diameter  are  tested  simul¬ 
taneously  in  one  oabinet,  although  aa  many  as  3^  three-inoh  diameter 
samples  my  be  tested  in  eaoh  oabinet  at  one  tine.  A  section  through 
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the  cabinets  is  shoim  on  Plate  6* 

Faollitiee  for  furnishing  de -aired  eater  to  any  speoinen 
and  for  aaintaining  a  definite  water  lerel  within  the  speoiaens  in  a 
test  oahLnet  are  provided  by  constant  water  level  devioes  whioh  are 
adjustable  over  the  range  of  the  height  of  the  eaaple.  These  are 
shown  in  Pig.  1  and  Pig.  2  of  Plate  3*  The  water  level  devioes  are 
supplied  with  water  from  a  6-gallon  tank  located  in  the  oold  roon 
as  shown  in  Fig.  1  of  Plate  6.  The  water  supply  to  this  tank  is 
controlled  with  a  copper  float  valve. 

2-03.  Saturating  Iquipnent.  Facilities  for  saturating  soil 
speoiiasns  to  be  tested  are  looated  in  the  oold  room.  Six  speoiaens 
can  be  saturated  at  one  time.  Prior  to  saturation,  soil  speoimens 
in  oylindiloal  cardboard  oontainers  are  fitted  on  both  ends  with 
filter  paper,  porous  discs  3/8’’inohe8  thick,  and  the  brass  eaps  whioh 
also  serve  as  sample  reoeptaoles  in  the  free  sing  oabinets.  The  oaps 
are  firsQy  sealed  to  the  cardboard  with  rubber  sleeves  and  bands  to 
prevent  air  leakage.  The  vacuum  lines  were  comeoted  to  the  threaded 
nipples  on  both  top  and  bottom  oaps  and  the  speoimens  were  evacuated. 
De-aired  water  was  then  allowed  to  enter  the  specimen  from  the  bottom 
slowly,  under  a  small  head  until  saturated.  Control  is  provided  by 
means  of  suitable  valves.  A  photograph  showing  samples  xindergoing 
saturation  is  shown  in  Fig„  1  of  Plate  7* 

2^>U.  Surcharge  Loads.  For  applioation  of  surcharge  loads  a 
circular  lA'^noh  steel  base  plate,  6  inches  in  diameter  is  used,  to 
which  are  welded  four  lugs  which  support  the  rectangular  lead  weights 


th»  l«ad  wtlghti  ar«  r«ii«d  approxlMtaly  1-1/^  lnoh*s  from  the  baim 
plat*  to  allom  oold  oablnat  air  to  olroulata  over  tha  baaa  plat*. 
Eraporation  of  toil  moiatura  la  prarentad  by  the  ataal  plata* 

2-0^ •  Tamparatura  Maaaurlng  Iquipmant.  The  tamparaturaa  in 
a  oil  apaoimana  ara  maaaurad  by  naana  of  ooppar-oonatantan  tharmo- 
oouplaa.  Tha  tharmal  alaotromotiTa  foroa  produoad  by  tha  thanao- 
oouplaa  la  maaaurad  by  alaotrioal  inatruoMnta  oonaiatin^  of  a 
atandard  call,  aanaltiaa  galranoiaetar*  and  a  Laada  k  Eorthrup*  typa 

potantiMMtar*  Tamparaturaa  ara  raad  and  raoordad  to  0.1  dasraaa 
Fahranhait*  A  tofgla  avitohboard  enablaa  any  ona  of  100  arailabla 
thamoeouplaa  to  ba  placed  rapidly  in  tha  aaaaurins  oireuit*  Thia 
aquipoMnt  ia  oonraniantly  plaoad  in  an  inatrumant  room  outaida  tha 
oold  rooai  mall.  The  aquipmant  is  ahomn  in  Fig.  2  of  Plate  7»  mnd 
tha  looation  of  the  inatrumant  room  is  indioated  on  Plata  1. 

Each  taat  box  is  aquippad  mith  a  glass  tharmomatar  mhioh 
oan  ba  raad  from  tha  outaida  through  tha  tharmopana  window.  A  oloaa 
ohaok  of  aaoh  cabinet  tamparatura  ia  maintained,  howarar.  by  means 
of  a  tharmoooupla  inserted  in  a  glyoerin-filled.  rubbar~stopparad, 
glass  Timl,  1  inoh  in  diameter  and  3  inohas  long,  suspended  near 
tha  spaoiiMns .  The  glycerin  damps  out  the  tmaparatura  fluotuations 
ooourring  in  tha  test  cabinet  during  a  normal  operating  oyola  of 
the  ooapraaaor.  thua  permitting  an  average  tamparatura  to  be  read 
and  recorded.  The  value  of  tha  average  doily  cabinet  temperature 
is  deterainad  from  tha  average  of  several  readings  with  the  thermo- 
oouple  in  tha  vial.  Typical  weakly  records  of  test  oablnat  and 


oold  room  tamperaturoi  rooorded  irlth  tharmographi  ara  shoftn  In  Fig* 
1  and  Fig.  2  of  Plate  9* 
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FART  Ill  -  TEST  FROCBDaRBS 


3-01.  Molding  of  SpeelaeM.  Tho  Bpeoiaena  testad  In  the  oold 
rooa  for  thle  InTaitlgetion  were  prepared  in  eteel  oyllndere  in 
either  one  of  tm  eieee  *•  either  i^.lS  Inohee  or  3*91  inohee  in 
dieawter  and  all  eix  inohee  high*  Generally*  Ha  fine  grained  eoile 
or  thoee  oontaining  grains  enaller  than  l/U  Inoh  eere  prepared  in 
the  4«18-inoh  dlaneter  mold*  and  eoile  -with  etonee  up  to  2  Inohee  in 
diaaeter  eere  prepared  in  the  diameter  eteel  nold*  Ho 

■peoimsne  eere  tested  oontaining  etonee  larger  than  2  inohee  in  else. 

Teo  methods  eere  used  in  oonpaotlng  these  speo inane  to 
the  desired  density.  Coarse  grained  or  grarelly  soils  suoh  as  the 
sands  and  grarelly  sands*  eere  generally  prepared  by  an  adaptation 
of  the  Arorldenoe  Vibrated  Density  Test  method.  In  the  method  used* 
a  predetermined  dxy  eeight  of  soil  is  placed  in  the  steel  cylinder 
and  a  load  of  approximately  1000  pounds  applied  by  a  piston  at  eaoh 
end  and  a  hsaey  spring  at  the  top.  The  soil  within  the  cylinder  is 
oompaoted  by  ribrating  the  cylinder  with  haaner  blowe  on  the  a  idea. 
Fine  grained  soils  suoh  as  the  uniform  fine  sands*  silts  and  glacial 
tills  were  prepared  in  an  open-ended  steel  cylinder  by  applying 
pressure  to  aorable  pi  stone  at  both  ends  with  a  8outfawark*Bnery 
oompression  maohlna,  using  an  arerage  pressure  of  I300  pounds  per 
square  inoh  and  a  maxlssom  of  U»000  pounds  per  square  inoh.  Some 
speolmans  ware  prepared  by  a  ooabination  of  the  teo  methods  de¬ 
scribed. 
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During  the  early  etegea  of  tha  tea  ting  program,  split 
molding  oyllnders  ivere  used  but  mere  later  replaced  by  solid  steel 
cylinders  beoause  of  distortion  oaused  by  hsmer  bloms.  Samples 
were  removed  from  tbs  letter  cylinders  by  piston  pressure  at  the 
bottom  of  the  sample,  the  Inside  walls  of  the  blinder  haring  been 
lubrioated  with  a  thin  ooating  of  petrolatum  followed  by  paraffin 
before  molding.  The  split  molding  (flinders,  of  both  diamsters,  are 
shown  in  Fig.  2  of  Plate  8. 

Speolmsns  were  ocmpeoted  at  optimim  water  content  to 
densities  approximately  93  P^r  cent  of  Uodified  A.A.S.H.O.  densl-ty 
or  of  Prorldenoe  Vibrated  density,  whioherer  was  appUoable  for  the 
type  of  soil  being  tested.  Base  and  subgrade  soils  obtained  from 
beneath  airfield  parementa  were  oompaoted  to  approximately  natural 
field  densities  as  shown  In  Airfield  Parement  Eraluation  Beports. 

After  remoral  from  the  molding  cylinders  the  sides  of 
the  oyllndrioal  specimen,  excluding  top  and  bottom  faces,  were 
sprayed  with  a  light  ooating  of  a  plastic  material  to  hold  the  sample 
together  during  handling  and  to  prerent  eraporation.  Over  the 
plastlo  ooating  a  heavy  layer  of  petrolatum  was  applied  and  the 
specimens  were  fitted  snugly  Into  6-lnoh  high  cardboard  oyllnders 
open  on  both  ends. 

3-02.  Saturation  of  Specimens.  All  speolmens  tested  In  the 
open  system  were  saturated  prior  to  freezing.  Saturation  was 
carried  out  in  the  cold  room  with  equipsient  described  in  paragraph 
2>03  and  shom  in  Fig.  1  of  Plate  J,  The  degree  of  saturation  for 


each  ■pecimen  naa  computed  from  Heights  of  sample  and  container 
before  and  after  saturating. 

3-034  Placing  Speclmena  In  Teat  Cabinet.  After  saturation* 
the  ipeolmens  mere  placed  In  the  teat  cabinet*  the  upper  cap  or 
reoeptaole  remored  and  the  bottom  receptacle  kept  In  place.  Pour 
aai^lea  mere  placed  In  each  cabinet.  The  de-alred  water  supply 
was  connected  to  tha  bottom  of  each  reoeptaole*  the  constant  water 
lerel  device  having  been  previously  adjusted  to  a  height  such  that 
the  water  In  the  reoeptaole  would  rise  to  approximately  l/S  Inch 
above  tha  porous  stone  and  be  in  contact  with  the  soil.  The  speci¬ 
mens  were  Insulated  from  each  other  with  granulated  oork  as  shown 
on  Plate  6. 

3-oU.  Surcharge .  Each  specimen  was  tested  under  a  surcharge 
load  of  0.3  pounds  per  square  inch  to  simulate  field  conditions 
consisting  of  a  6-inoh  thickness  of  pavement  and  base.  A  vezy  thin 
layer  of  bentonite  was  spread  over  the  top  of  the  sample  before  the 
base  plate  was  set  to  provide  a  uniform  oontaot  between  the  steel 
surcharge  weight  base  plate  and  the  soil  particles. 

3-03*  Thermocouples  in  Samples.  Thermocouples  were  placed  at 
l-lnch  Intervals,  along  the  longitudinal  axis  including  top  and 
bottom*  in  one  of  the  four  speolmene  in  a  test  cabinet*  providing  a 
means  of  checking  the  temperatures  within  the  specimen  and  observing 
the  progress  of  freesing  temperature  into  the  specimen.  Two  thermo¬ 
couples  were  placed  in  one  other  specimen  in  the  cabinet*  on  top  and 
bottom  only*  for  checking  purposes.  The  thermocouples  were  inserted 
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through  the  aide  of  the  epeoiaen  in  holes  punched  erlth  a  slender^ 

pointed  Initruaent*  Entrance  pcinta  were  sealed  with  haaTy  grease. 

3-06.  Specinen  Freealng  Procedure.  Tests  were  begun  when  the 

speolaens  In  the  cabinet  had  cooled  uniformly  to  cold  room  tempera¬ 
te 

ture  of  approximately  3°  which  usually  was  attained  after  the 

apeoimens  were  In  place  oremlght  with  the  cabinet  lid  open.  The 

freezing  test  was  started  by  closing  the  lid  and  lowering  the 

temperature  in  the  cabinet  to  approximately  30°F.  for  a  period  of 

0 

two  days  and  then  dropping  it  to  29  F.  for  two  more  days  and  to 

28°F.  for  two  days*  After  -than  period,  the  temperatures  within 

the  cabinet  were  changed  only  by  an  amount  necessary  to  maintain 

o 

the  rate  of  penetration  of  the  32  F«  temperature  in  the  samples  at 
approximately  1/U  inch  per  day.  Temperatures  within  the  soil 
specimens  were  read  daily  and  temperatures  in  the  cabinets  were 
adjusted  accordingly,  depending  upon  the  progress  of  the  32°F. 
temperature  within  the  sample.  Beadings  of  vial  temperatures 
(par.  2-03)  to  determine  the  axerage  daily  cabinet  temperature 
were  obtained  at  interwals  of  10  to  I3  minutes  for  a  continuous 
period  of  1  to  2  hours  each  day.  A  lyploal  plot  showing  the  daily 
temperature  gradients  In  a  sample  of  undisturbed  Boston  Blue  Clay 
is  shown  on  Plate  20*  The  position  of  the  32 °F.  temperature  in 
the  sample  is  indicated  by  the  intersection  of  the  temperature 
gradient  and  the  32°F«  line* 

Heave  readings  were  made  daily  and  were  read  to  the 
nearest  half-millimeter,  lieasureswnts  were  obtained  with  a  raster 
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stick  placed  on  a  designated  point  on  the  surcharge  weights  over 
the  sample;  the  reading  was  taken  at  the  intersection  of  the  stick 
and  a  steel  bar  across  the  top  of  the  oabinet  opening* 

Plots  have  been  prepared  for  eaoh  group  of  speoiaens 
tested  in  an  individual  oabinet  showing  the  heave,  degree-hours  and 
penetration  of  the  32°F*  time*  These  are  presented  on  Plates 
22  to  Ul  inolusive,  in  the  order  presented  in  Table  1* 

At  completion  of  test,  usually  after  2h  days,  the 
samples  were  removed  from  their  oontainers,  weighed  to  determine 
the  change  in  water  content,  and  then  split  in  two,  longitudinally, 
in  a  compression  machine  with  the  aid  of  a  steel  wedge*  A  photo¬ 
graph  of  a  sample  being  split  is  shown  on  Plate  21*  lisasurements 
for  amount  of  heave  and  observations  for  the  location,  distribution 
and  magnitude  of  ice  lens  forstation  were  made  on  one-half  of  the 
specimen.  The  remaining  half  of  the  sample  was  photographed  and 
retained  for  supplemental  laboratory  tests.  Photographs  of  typical 
speoimens  after  splitting  are  shown  on  Plates  hZ  to  U9  inclusive. 
Water  contents  were  obtained  at  every  inch  of  the  split  specimen. 
Water  content  distribution  for  each  specimen  tested,  before  and 
after  freezing  is  shown  on  Plates  30  to  69  Inclusive* 

3-07.  Supplementary  Laboratory  Tests.  The  following  labora¬ 
tory  testa  were  performed  on  all  specimens  tested,  for  correlation 
if  possible  with  heave  or  rate  of  ice  segregation! 
a  *  Gradation 
b*  Permeability 
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0*  Spec If io  gravity 

d.  Attarberg  lAmits  (if  applicable) 

e.  Coapaotion  oharaoterietioe  (if  necessary) 

Standard  procedures  were  used,  which  are  not  considered  necessary 
to  describe  in  detail  at  the  present  preliminary  stage  of  the 
investigations. 
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Bf^RT  IV  -  TESTS  IN  FISCAL  YEAR  1950 


U-Oli.  SoilB  Seleoted  for  Teats*  The  soils  seleoted  for  tasting 
in  this  inrestigation  are  sunnarizad  in  Table  A  on  ths  following  page. 
As  shown  thereon  they  consist  of  two  main  groups i  (a)  seven  basio 
soils  ranging  from  a  well-graded  sandy  gravel  (GW)  to  a  medium  plastic 
olay  (CL)f  ohosen  for  testing  both  in  their  natural  oondltlons  and  in 
various  blends  with  one  another  in  order  to  vary  the  physloal 
oharaoterlstlos  which  influence  ioe  segregation  and  (b)  base  and  sub¬ 
grade  soils  obtained  from  13  airfields  in  northern  United  States  and 
one  from  Alaska,  to  be  tested  for  degree  of  frost  susoeptibility  for 
correlation  with  data  available  in  the  Frost  Investigation  Reports 
and/or  Pavement  Failure  Reports* 

U-oe  •  Status  of  Investigations.  The  studies  initiated  up  to 
13  June  19^0  have  been  sumnarised  in  paragraph  1-oU  and  are  outlined 
in  greater  detail  in  Table  B,  where  the  speoiflo  materials  tested  are 
listed.  The  oold  room  test  results  available  on  I3  June  19^0  have 
been  sumnarized  in  Table  1,  at  the  end  of  the  report  which  also  pre¬ 
sents  the  results  of  suoh  other  basio  tests  on  permeability,  speoiflo 
gravity  and  Atterberg  Limits.  Table  2  presents  ths  Initial  degree  of 
saturation  of  each  specimen  at  the  start  of  the  tests. 

Detailed  analysis  of  ths  results  to  date  is  not  attempted 
at  this  time.  Because  of  the  interrelationship  of  the  numerous 
factors  to  be  examined,  suoh  analysis  should  await  completion  of  the 
program,  so  that  effects  of  all  factors  may  be  considered  together. 
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IHTIRIM  nFORT  OP  COID  ROOM  STUDIES  I9l(9-lS90 


TABLE  A 

SOILS  SELECTS)  POR  COLD  ROOM  TEST  PROORAM 


DBSCRIPTICI 


%  PIBBt  TEAS 


200 


(•)  BASIC  SOILS 


LlMitMM  APB,  Typleal  Mndy  gr***! 

LiMstoM,  MtiM  B«aa  MUrlal 

PMbody,  Clean  aaady  graeal 

Maitaehutattt  (Uaad  to  aaka  arttlietal 

gradatlaat  for  blandtng 
viih  ether  eel  If.  Denetad 
by  ayaboli  AGI  and  AO? 

Lowell,  ttoaeaehbaatti  Wall- graded  aand  (1) 

Hanohaitor,  Unlfera  fine  aand  (1) 

Haw  Hanpahlra 

Oerf'a  Kalla,  Haw  Silt 

Hawpthlra  (Rafarrad 

to  at  Han  Haapaklra 

Silt) 

Oovaraer'a  Itland,  Oraaally,  aandy  tlH 

Baat  Boatoa  (Glacial  Till) 

(Fafarrad  to  aa  Baat 
Beaten  Till) 

Harth  Caabrldga,  Clay 

Maaaaehufotta 

(Rafarrad  to  aa 
Beetoa  Blue  Clay) 


(b)  TYPICAL  BASES  AHD  SUBORADBS  PROM  VARIOUS  AIRPIILOS 


S 


Trvai  APB,  Ibdlaea, 
Rlaaentla 

Baaa  or  auhhaaa  (Taatad  io 
natural  and  artificial 
Ciadatlaaa) 

Leary  APB,  Daeaar, 
Colorado 

Silty  aand  Subgrada 

Morra  Alrfiald, 
flarra.  South  Dakota 

Silty  graaolly  aand  Eaaa 

Caapor  APB,  Caapar, 
■yaalag 

Silty  lyaaally  aand  Baaa 
Silty  tend  Subgrada 

fargo  Mualolpal 
Airfield,  PariOf  H.D. 

Clayey  aand  Baaa 

■aadoanr  APB, 
Wondeaar,  Utah 

Silty  aandy  graaal  Baaa 

Slaua  Palto  Airfield 
Siam  Palla,  S.O. 

Silty  aandy  gravel  Baaa 

Rapid  City  APB 
(Waaaar  Alrbaaa) 
Rapid  City,  S.P. 

Silty  aandy  gravel  Baaa 

Ladd  PloU, 
Palrbaaka,  AUaka 

Slit  Subaoll 

Hill  APB,  Ocdar..'Jhah 

Silty  aand  Subgrada 

Patlaraaa  Plaid, 
Palrflold,  Ohio 

Clayey  aandy  gravel  Baaa 

Clldtan  County  APB, 
WllalaftOB,  Ohio 

Clayey  aandy  graval-Baaa 

Spokana  APB, 

Spakaaa,  Raahlngten 

Gravel  1)  aand  Baaa 

16>1B 

28-JO 

56-L? 

2l*-Jl 

17 

9 

15 

21-29 

16-16 

16 

9 

|J< 

9 

>5 

9 

1? 

e 

1 

Gl 

'7 

27 

15 

22 

n 

20 

111 

f 

HOTISi  (1)  Blandad  with  Haw  Hanrthira  i!lt  and  alte  with  East  Baataa  TUI  le  aery  tha 
'r*'  rraaldaaca  Vibrated  Caaalty  on  alnua  ‘  ti>larh  aatarlal. 
i  )  Prealdanra  Vllreto.i  naalty  er.  Tlnui  I 'r>lncn  aatarlal. 

II. t  Hadiriad  AASdO  Mathed. 


ORADATIOH 
SHOWH  OH 
PUTE 
HO. 


DRY 

DEKSITY 


7 

5 

1C 

159  (2) 

<  1 

10 

150  (5) 

5 

10 

no  (5) 

e 

1 

10 

109  (J) 

97 

56 

10 

1C7  IL) 

57 

Ui 

10 

151  (L) 

99 

ail 

10 

■20 


IMTERtH  BItrPRT  Of  CCtD  ROCU  STUDIES 


T*M<  B 

simmY  or  tests  coiiiiuc-ted  tc  ih  ;utn 


STVDT* 

HiTniliLS  TESTED 

SAMPIE 

NOS. 

UKADATIOB 
SHOMM  01 
PUTE 

MO. 

STATUS  or  TESTS 

OB  13  Ji  a  1950 

Iffact  of  Pareant 
<0.02  aai. 

(1)  Llaaatone  aandy  gfOTal,  3 'll* 
inch  aaxiaum  alia. 

LSG-1  thru 

16 

[Shant  1  of  3) 

Inooaplata 

(2)  Paabody  aandy  graatl  blardad 
with  Maw  Haapahlra  Silt,  1>^-Ineh 
aaalaun  alaa. 

A<1*1  thru 

A '.1.0 

17 

iShaata  1  and 

2  of  3) 

(3)  Faabedy  aandy  graaal  blandad 
with  taat  Bjatan  Till,  l/t-lneh 
■aalaun  alia. 

A0?.5  thru 
A02-e 

17 

iShaat  5  of  3) 

(1.)  Leva  11  aand  blandad  with  Eaat 
Boaton  Till. 

IS-l  thru  LS-ti 

18 

(5)  Manchaatar  Pine  Sard  blandad 
with  Eait  Boaton  Till. 

MPS.l  thru 
MPS.I4 

19 

[Shoat  1  of  3} 

(6)  Manehaatar  Pina  Sand  blandad 
with  Maw  Haapahlra  Silt. 

KPS. 5  thru 
MPg.U 

19 

[Sbaata  2  and  3 
of  3) 

(7)  Truax  baaa  or  aubbaaa  aatarlal 
(TD-1  thru  TD-t4  ware  ragradad  to 
aery  tha  flraai  TD-3  la  a  alatura 
of  two  tyuleal  aubgrada  aanploat 
Tr>6  la  a  natural  typical  aubgrada 
aoll). 

TD-1  thru  TD.^ 

11 

Cffaot  «f  Danalty 

(I)  Maw  Haapahlra  Silt. 

KH*1  thru 

1C 

Ineowplata 

(2l  E*at  Boaton  Till,  34i*ineh 
wailaum  alfo. 

EBT-l  thru 
EPT-L 

10 

(3)  Udd  Plaid,  Ala  aka.  Silt  aub* 
aoll. 

LP-l  thru  ir-li 

U« 

(L)  LImaatona  aandy  graaal,  34t* 
Inch  awilauw  alaa.  (bradad  to  oea> 
talr.  Vf-  flnor  than  0.02  wn.) 

LS0.3  thru 

Lsc-e 

16 

Shoot  1  of  3) 

Iffact  af  .ttena  Slaa 

(1)  Liaiaatono  aandy  graaal  apoelal* 
ly  gradad  with  5^  flnar  than  0.02 
an.  with  mi.  atona  alaaa  aarylng 
froB  \  ti  2'lnehaa. 

LSO-b  thru 

ISO- 12 

16 

[Shoot  2  of  3) 

Insoiiplata 

(2)  Llaoabano  aandy  graaal,  natural 
gradation,  Saaiploa  "loalpad*  at  2, 
1,  lA  ‘nd  l/«>lnehoa  raapaotlaaly , 
thua,  Ineraaalrg  tha  paroant  flnaa. 

XJ0*15  thm 

16 

(Short  2  of  3) 

lea  Safracatlen  la 
Saturatad  Clay  Id  a 
Cletad  Syatan 

(1)  Undlaturbad  Boaton  Bluo  Clay. 
100%  aatJratad. 

BC-l,  BC-2, 
BC-5,  BC.6 

10 

Ineonplata 

'ill  •leapt  tha  four  seaplatad  r,n  Boat«n  Blua  Claj  to  aiaatlra  lea  lagrasatlen  In  a  eleaad  ayataa, 

•ara  parforaad  with  ar  opan  ayatan,  tnat  la,  vtth  fraa  Mtar  ami  labia  at  tha  beta  of  tha  apaclaaa. 
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U"03»  Testa  for  Effect  of  Par  Cant  Finer  Than  0»C3g  m.  As  shown 


in  plot  of  per  cent  hesre  rs.  per  cent  finer  than  0*02  nn.  on  Piste 
70«  the  present  orlterion»  stating  that  well-graded  soils  with  three 
per  cent  or  less,  by  weight,  of  grains  finer  than  0,02  bbIi  are  not 
frost  susceptible  la  only  a  rough  approxlnation  and  does  not  always 
hold*  This  la  shown  by  apeoiaens  of  sand  and  gravel  base  material 
from  Limestone  Air  Foroe  Base,  Limestone,  Ualns,  Samples  LS6-3  to 
L8G-8,  Inolusive,  which  heaved  from  8  to  19  per  cent  with  only  3  psi* 

00 nt,  by  weight,  finer  than  0*02  am*  A  base  course  material  from 
Spokane  AFB,  Spokane,  Washington,  heaved  13*6  per  cent  with  only 
per  oent  finer  than  0*02  sn*  It  would  appear  that  a  oriterion  based 
on  a  percentage  at  some  arbitrary  grain  sice  is  subject  to  the  saae 
variability  as  is  enoountered  in  attempts  to  prediot  penaeability  from 
soil  gradation  oharaoteristios* 

Tests  for  Effect  of  Density.  Density  serves  as  an  overall 
measure  of  the  combined  effeots  of  suoh  soil  oharaoteristios  as 
permsabllity,  capillarity  and  internal  struoture,  in  a  given  material* 
The  data  thus  far  available  on  the  effeot  of  density  on 
ioe  segregation  are  plotted  on  Plate  71*  The  data  on  this  plate 
indicate  that  heaving  Inoreases  with  densi'ty  in  silt  soils  suoh  aa 
Kew  Hampshire  Silt  and  Ladd  Field,  Alaska,  subsoil*  Tests  on  East 
Boston  Till  showed  inoreased  heaving  with  an  increase  in  density  up 
to  120  lbs*  per  ou.ft*  and  then  a  rapid  decrease  in  heaving  with 
further  increase  in  density.  Teats  on  the  sandy  gravel  from  Limestone, 
Maine  indicated  no  appreoiable  change  of  heaving  with  density* 
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U"05»  T<tta  for  EfTeet  of  Parmeftbility*  FBrmeabillty  (together 
with  oepillerily)  should  of  oourse«  offer  the  most  direct  aesBure 
of  the  susoeptibillty  of  an  ordinary  soil  to  frost  aotion. 

The  ooeffioients  of  peroeability  rersus  the  per  oent  heave 
for  aost  of  the  soils  tested  are  plotted  on  Plate  72*  The  data  in¬ 
dicate  that  a  oritloal  ralue  of  the  ooeffioient  of  permoability  exists 
at  whioh  Arost  heaving  la  a  nazinua,  and  that  Iteavlng  deoreases  in 
soils  having  ooeffioients  of  permeability  either  higher  or  lower  than 
thia  oritioal  value*  Mo  teats  have  been  oonduoted  to  date  to  deter¬ 
mine  the  lower  limit  whioh  probably  exists  in  highly  impervious  clays 
and  in  whioh  ioe  segregation  isay  be  impossible*  Permeability  tests 
were  oonduoted  on  soils  with  the  sane  gradation  as  tested  in  the  oold 
room  and  shown  on  Plates  10  to  19*  inclusive* 

1^-06*  Tests  for  Effect  of  Site  and  Per  Cent  Stone*  Data  from 
tests  on  four  specimens  of  sandy  gravel  from  Limestone*  Maine*  samples 
LBG-9  to  LBG-12*  inclusive*  show  decrease  in  heave  with  increase  in 
the  maximum  site  stone  from  l/U-inoh  to  2-incheB  in  diameter*  the  per¬ 
centage  finer  than  2.0  mm.  and  0.02  mm.  being  held  the  same  in  each 
ease  (30  and  3  oent*  respectively).  The  data  obtained  from  test¬ 
ing  four  speoimsna  of  pit-run  sandy  gravel  from  Limestone*  Maine* 
wherein  the  maximum  stone  sites  were  decreased  (scalped)  eaoh  time 
allowing  the  percentage  of  fines  to  increase*  were  inconsistent  and 
no  analysis  oan  be  made  until  further  tests  are  oonduoted. 

U-07.  Tests  on  Saturated  Clay  in  Closed  Syetem.  Pour  samples 
of  undisturbed  Boston  Blue  Clay*  100  per  cent  saturated*  tested  in  a 
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olosed  system,  heaved  from  8  to  II4.  per  oent,  thus  indioating  that 
oonslderable  heaving  oan  be  expected  in  certain  -types  of  soils  with¬ 
out  availability  of  outside  water. 

4-08.  Penetration  of  32  F.  Temperature.  In  plotting  the  penetra¬ 
tion  of  the  -tempera-ture  (the  asuumed  freesing  -temperature  of 

soil  mois-ture)  versus  depth,  a  peculiarity  common  to  all  specimens 
tested  was  observed.  As  shown  on  Plate  22  to  Ul,  inclusive,  the  y2°F, 
tempera-ture,  af-ter  progressing  into  the  sample  for  a  distance  of  2  to 
U  inches  suddenly  recedes,  generally  from  1  to  2  inches,  before  pro¬ 
ceeding  downward  again.  At  first  this  drop-back  in  cemperature  was 
believed  to  be  the  result  of  either  instrumentation  or  fluctuation  of 
tes^erature  within  the  cold  room  or  freesing  cabinets.  Bsooourrenoe 
of  the  phenomena  and  olose  oheok  of  temperature  measuring  equipment 
indicate  that  the  temperature  recession  is  not  the  result  of  faulty 
equipment  or  temperature  control,  but  is  the  result  of  changes 
ooourring  within  the  soil  specimen  during  the  freezing  process.  It 
is  believed  that  this  phenomenon  is  due  to  the  release  of  latent  heat 

of  fusion  when  the  soil  moisture  begins  -to  freeze  at  the  top  of  the 

0 

sample  at  some  tempera-ture  less  than  ^2  F.  It  was  also  observed  that 
heaving  oommenoed  only  after  the  temperature  recession  had  ooourred. 
Investigations  are  being  oonduoted  to  determine  the  exact  cause  of 
this  phenomena. 

l|-09*  Maximum  Rate  of  Heave  and  Penetration  of  Freezing 
Temperature .  The  maximum  rate  of  heave  of  each  specimen  tested  is 
shown  on  Plate  1,  in  the  column  third  from  -the  end.  The  range  of 


rate  of  freezing  temperature  penetration  (assumed  at  the 

maximum  rate  of  heave  is  presented  in  ths  second  column  from  the 
end  in  Table  !•  These  values  were  obtained  ftom  data  plotted  on 
Plates  22  to  Ul«  inclusive. 

UrlO.  Temperature  at  Boundary  of  Frozen  and  Unfrozen  Soil.  In 
the  last  oolumn  of  Table  1  are  presented  the  temperatures  at  ths 
boundary  of  frozen  and  unfrozen  soil,  in  the  speoinens  containing 
thermooouples .  These  temperatures  were  obtained  by  interpolation 
between  thermocouple  readings  taken  inraedlately  prior  to  removal 
of  the  samples  from  the  cabinets  at  the  completion  of  the  tests. 

These  temperatures  are  only  approximate  since  the  positions  of  the 
thermooouples  at  time  of  observation  were  not  know  preoisely,  the 
thermooouples  having  been  displaced  in  some  instances  by  the  heaving 
of  ihe  soil.  The  interpolations  were  made  on  the  basis  of  the  thermo* 
oouples  being  in  their  original  approximate  positions.  The  tempera¬ 
ture  data  indicate  that  soil  moisture,  in  the  soils  tested,  freezes 
at  temperatures  ranging  from  29>1°F*  to  32°F.,  with  the  lower  values 
in  silty  and  clayey  soils. 
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PiRT  7  -  CONCLUSIGNS 


5-01.  Qgneral.  The  preliminary  conclusions  presented  below  are 
based  on  the  partially  completed  phases  of  the  cold  room  studies  and 
on  data  available  up  to  13  June  1950*  general  only  insofar 

eis  they  apply  to  the  materials  tested  and  are  subject  to  modification 
or  onange  pending  the  final  completion  of  each  phase  of  the  investi" 
gation*  Bxoept  for  the  few  results  derived  from  closed  system  tests, 
all  conclusions  are  drawn  from  the  case  of  a  soil  wiih  free  access 
to  water. 

a.  Effect  of  Per  Cent  Finer  than  0.02  mm.  on  Ice 
Segregail on.  The  test  results  available  to  date  indicate  that  factors 
other  than  0.02  mm.  size  must  be  considered  in  recognizing  a  frost 
susceptible  soil  or  in  predicting  the  intensity  of  ice  segregation 

in  any  given  soil.  Since  it  is  believed  that  soils  heaving  five  per¬ 
cent  or  more  will  experience  softening  upon  thawing,  and  since  heaves 
several  times  this  percentage  resulted  in  some  soils  having  approxi¬ 
mately  ^  finer  than  0.02  mm.,  revisions  to  the  existing  criteria 
may  be  necessary  when  additional  information  becomes  available. 

b.  Effect  of  Density  on  Ice  Segregation,  Ice  segregation 
may  either  increase  or  decrease  with  increase  in  density,  and  the  ef¬ 
fect  of  density  change  may  be  marked  or  negligible  depending  on  the 
density  range  Investigated  and  the  oharaoteristios  of  the  particular 
soil. 

0.  Effect  of  Permeability.  The  test  results  indicate 
that  intensity  of  ice  segregation  increases  in  soils  with  a  decrease 
in  the  coefficient  of  permeability  below  a  value  of  about  k  ■  10  x  lO"^ 
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dn/sec*  and  maximum  heaves  result  between  permeabilities  of  about 
0*001  and  0*03  z  10  ^  oiiv/seo*  Based  on  the  results  of  one  test 
series  the  intensity  of  ice  segregation  diminishes  witii  reduction 
in  coefficient  of  permeability  below  about  0,005  z  lO”^  cm/see*# 
allhough  the  per  cent  heave  may  nevertheless  be  relatively  high* 

d.  Effect  of  Site  and  Per  Cent  Stone,  Increasing  the 
maximum  size  stene  from  l/U  to  2  inches  in  diameter  decreased  the 
amount  of  heave  in  a  gradation  of  Limestone  sandy  gravel  in  which 
the  gradation  of  the  material  finer  than  2*0  mm,  was  held  constant, 

e.  Ice  Segregation  in  Saturated  Clay  in  A  Closed  System, 
Considerable  ice  segregation  can  be  expected  to  occur  by  slowly  freez* 
ing  a  fully  saturated  clay  soil  in  a  closed  system* 

f .  Maximum  Rate  of  Heave  and  Penetration  of  Freezing 
Temperature*  No  relationship  aopears  to  exist  between  the  maximum 
rate  of  heave  and  the  rate  of  freezing  temperature  penetration  with¬ 
in  the  range  of  rates  of  these  tests* 

g.  Temperature  at  Boundary  of  Frozen  and  Unfrozen  Soil 
For  the  soils  tested  the  freezing  temperature  of  soil  moisture  in  the 
coarse  grained  soils  is  32^,  or  sli^tly  less  and  generally  decreases 
to  approximately  29°F,  with  increasing  percentages  of  silt  and  clay 
sizes, 

^02,  Equipment  and  Test  Procedures*  It  is  conclxxded  that 
the  equipment  and  test  procedures  devised  are  satisfactory  for 
simulating  field  conditions  and  frost  action  in  soils,  and  that  the 


results  may  be  utilized  to  establish  or  modify  design  criteria. 
Full  evaluation  of  the  testing  system  must  await  completion  of 
tests  on  the  base  and  subbase  materials  of  known  frost  character¬ 
istics,  from  the  various  airfields. 
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FART  VI  -  RBCOlOnarDATIONS 


6-01.  Recommendatl  on  a «  It  is  recommended  that  Cold  Room  Studies 
directed  towards  establishing  and  improving  design  and  evaluation 
criteria  for  the  construction  of  airfield  pavements  on  frost  suscepti¬ 
ble  soils  be  continued  to  complete  the  studies  initiated  in  Fiscal 
Year  19^0  and  to  study  the  effeot  of  the  following  additional  factors 
influenoing  ice  segregation  in  soilst 

a.  Effect  of  alternate  freezing  and  thawing  on  density 
of  frost  susceptible  soils* 

b*  Effeot  of  depth  of  water  table  and  its  influence  on 
ice  segregation  in  frost  susceptible  soils* 

0*  Effeot  of  initial  degree  of  saturation  in  a  closed 

system* 

d*  Intensity  of  pore  pressure  in  soils  during  freezing, 
a*  Effeot  of  chemical  constituents  of  soils  on  ice 
segregation* 

f.  Effect  of  soil  capillarity  on  ice  segregation. 

g.  Strength  of  frost  susceptible  soils  upon  thawing* 

h.  Treatment  of  frost  susceptible  bases  and  subgrades 
with  admixtures  to  retard  or  prevent  ice  segregation* 

1*  The  freezing  point  of  soil  moisture  in  various  types 

of  soils* 
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FROST  INVESTIGATION  1949*1950 
COLO  ROOM  STUDIES 

VIEW  OF  COLO  ROOM 
AND 

EQUIPMENT 

FROST  EFFECTS  LABORATORY 
NEW  CNOLANO  DIVISION  CORPS  OF 
BOSTON.  MASS 


FIG.  I.  TEN  CONDENSING  UNITS  FOR  THE  COLD  ROOM  AND 
THE  NINE  TEST  CABINETS. 


FIG.  2.  INSIDE  OF  COLD  ROOM  AS  SEEN  THROUGH  THERMOPANE 
WINDOW.  WORKBENCH  AND  SATURATING  EQUIPMENT  AT  LOWER  RIGHT. 


PLATE  2 


FIG.  I.  VIEW  OF  RIGHT  SIDE  OF  COLO  ROOM,  AT  REAR,  SHOWING 
THREE  TEST  CABINETS  WITH  CONSTANT  WATER  LEVEL  DEVICES, 
THERMOREGULATORS,  AND  THERMOCOUPLE  TERMINAL  BOARDS. 


FIG.  2.  VIEW  OF  LEFT  SIDE  OF  COLD  ROOM  SHOWING  SIX 
TEST  CABINETS. 
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PLATE  7 


FIG.  2.  SPLIT  STEEL  MOLDING  CYL I NDERS,  4.16  INCHES  AND 

9.92  INCHES  IN  DIAMETER,  RESPECTIVELY.  NOTE  MOVABLE 

PISTONS  IN  CYLINDER  ON  RIGHT.  PLATE  8 
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GRADATION  OF  EAST  BOSTON  TILL, LOWELL  SANO. 
MANCHESTER  FINE  SAND  AND  NEW  HAMPSHIRE  SILT. 

ANO  LIMESTONE  SANO  AND  GRAVEL 
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FARGO  SUB-BASe.WENOOVER, SIOUX  FALLS  AND  RAPID  CITY  SASE  MATERIALS 
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LOWELL  SAND  BLENDED  WITH  EAST  BOSTON  TILL 
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